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RESULTS AND DISCUSSION
The potential of an ion selective elect-
rode, measured in millivolts, is related to
ion activity' according to the Nernst equation:
Nitrate, chloride and sulfate were deter-
mined by single column ion chromatography
using a Wescan model 2l3A conductivity detec-
tor, a VYDAC 302 I.C. column and a Beckman
1lOA pump. The solvent (0.004 M potassium
hydrogen phthalate, pH 4.5) flow rate was 2
ml/min. All samples were analyzed in trip-
licate.
E is the "experimentally observed potential of
the ion-selective e~ectrode,
R is the gas constant (8.31441 J~l mol-l ),
T ·is the thermodynamic temperature (OK),
F is the Faraday constant (9.6485 x 104C mol),
a is the activity of the ion (in moles 1-1),
z is an integer with sign and magnitude corres-
ponding to the charge of the ion,
~o is a constant including the standard po-
tential of the indicator electrode, the
reference electrode potential, and the
junction potential.
( 1)whereE = EO + 2303RT Log (a)
zF
The N03 selective electrode response to
increasing N03-N concentrations from 10-5
to 10-2M in distilled water (check) and in
lO-3M solutions of various anions is shown
in Fig. 1. The average response from 10-5
to 10-2M N03-N in distilled water was 60
mV per decade change in concentration compared
to 59 mV predicted by the Nernst equation at
25 0 C. The electrode response is decreased
considerably in lO-3M solutions of NOZ-N,
Cl and HC03 (Fig. 1). In 10-3M sodium
acetate the electrode follows the theoretical
response in the range from 10-4 to lO-2M
N03-N. The interference of HZP04 and
S04 appeared to be insignificant in the
range from 10-5 to lO-2M N03-N. The
addition of lO-3M Ag2S04 improved the
electrode response to N03 in lO-3M Cl
(Fig. 1). This was presumably due to the pre
INTRODUCTION
MATERIALS AND METHODS
Water samples were collected from a stream-
fed lake in Spalding County, Georgia, and
wells in Henry and Lamar counties in Georgia.
A precipitation sample was collected on Sep-
tember 7, 1987, using a polyethylene funnel
and bottle. Fog was collected on September
23, 1987, using a fog water collector des-
cribed by Falconer and Falconer (1980).
Coated wire N03 selective electrodes were
prepared using Aliquat 336S as the ion exchan-
ger according to the technique of Lee et al
(1986) • The detection limits of the elect='
rode, interferences from chloride (Cl) as
potassium chloride, nitrite (N02) as sodium
nitrate, bicarbonate (HC03) as sodium bicar-
bonate, sulfate (S04) as sodium sulfate,
acetate as sodium acetate, and orthophosphate
(H2P04) as sodium phosphate (NaH2P04)
and the operational pH range were determined
using freshly prepared standard solutions.
Electrode potentials were determined using a
Model 601 Orion pH/ion meter and a Fisher
model 13-639-53 Ag/AgCl reference electrode.
Monitoring nitrate (N03) in water has
important implications to public health and
environmental quali ty • Of the analytical
methods available, ion selective electrodes
have potential for simple, rapid determination
of N03 concentrations in water. Use of ion
selective electrodes has been limited due to
interference by a variety of ions, relatively
high detection lim! ts, and short operational
lifetimes (Tabatabi and Dick, 1983).
According to Langmuir and Jacobson (1970)
chloride (Cl) and bicarbonate (HC03) were
the chief interfering anions in most waters
when using a commercially' available liquid
junction N03 specific electrode. Lee et al
(1986) described a procedure for making coated
wire nitrate-selective electrodes. In this
paper, we report the characteristics of the
coated wire N03 selective electrode and the
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Figure 1. Effect of Various Anions at 10-3 M
on N03 Selective Electrode Response
Figure 2. Effect of the Addition of Various
Ions on N03 Selective Electrode Response
in 10-3 M N03-N
cipitation of AgCI from the solution. We
speculate that the ion exchanger in the elect-
rode is more selective for monovalent anions
than for divalent or trivalent anions. As a
result monovalent anions (e.g. Cl, NOZ,
HC03 and acetate) are more likely to affect
the serisitivity of the N03 selective
electrode.
The response of the N03 selective elect-
rode to addition .of various anions in la-3M
N03-N is presented in Fig. Z. Hy-droxide ion
(OH) affected the electrode at 10-5M (pH ~ ,
9), and at la-2M OH (pH = 12) the electrode
displayed irreversible failure. The mono-
valent anions (NOz, HC03, and Cl) began to
affect the electrode response at 'la-3M con-
centrations with increasing effect at la-2M
in the order N02 > Cl = HC03. The elect-
rode did not respond to S04 and H2P04
concentrations up to la-2M in la-3M
N03-N solutions (Fig. 2). The pH range in
which the electrode operates without inter-
ference was from 4 to 9. The electrode res-
ponded to lO-3M H and the effect was greater
in la-2M H (Fig. 2).
greater sensitivity at lower N03 concent-
rations for the 'electrode.
Where interfering ions are present, equa-
tion (1) can be expanded to include terms for
the act~vity of the interfering ion (Langmuir
and Jacobson, 1970). The 'Cl concentrations in
these water samples are below the levels which
would interfere with N03 determination using
the electrode (Fig. 2). The pH range of the
samples is also within the operating range of
the electrode (Table 1).
Based on our observations, the coated wire
N03 selective electrode has an operational
lifetime greater than 6 months. The electrode
drift was minimal, and the equilibration time
between samples was usually less than 1 min.
The results of this study indicate that this
type of N03 selective electrode was capable
of rapid, accurate determinations of N03-N
concentrations in natural water when concen-
trations of interfering ions are sufficiently
low.
Comparison of N03 analysis of water using
the N03 selective electrode and ion chromato-
graphy are presented in Table 1. The elect-
rode gave consistently higher values for N03
concentrations than the ion chromatograph. In
the case of the lake water sample, no N03
was detected by the ion chromatograph compared
to 0.045 x 10-3M using the N03 selective
electrode (Table 1). We speculate that the
detection limit for the electrode is lower
than for the ion chromatograph resulting in
CONCLUSIONS
Ion selective electrodes have potential for
simple, rapid determination of nitrate (N03)
concentrations in water. Operating character-
istics and interferences were determined for a
recently developed solid state N03 selective
electrode. Also, several water samples were
analyzed for nitrate (N03) using the solid
state N03 selective electrode' and single
column ion chromatography. The electrode
operated in a pH range from 4 to 9. Mono-
valent anions (nitrite, bicarbonate and chlo-
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Table 1. Comparison of N03 Determinations in Water Between a
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Sample concentration was below detection limits of the ion chromatograph
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